Tyrosine kinase inhibitors are considered as highly effective and relatively safe drugs for the treatment of chronic myeloid leukemia. If several side effects on short and long term are well known and described, their involvement in the development of carotid stenosis remains unclear. Here, we describe a case of carotid stenosis in a patient receiving tyrosine kinase inhibitors and discuss the current literature.
Introduction
Tyrosine kinase inhibitors (TKI), the mode-of-action of which is to inhibit the oncoprotein BCR-ABL, are highly effective for the treatment of chronic myeloid leukemia (CML) [1] .
However, tyrosine kinase enzymes are expressed in multiple tissues and are involved in several signaling pathways. Thus, TKI have several off-target side effects. Although these side effects are well known in the short-time, long-term effects remain unclear. Particularly, some reports of cardiovascular toxicities caused by the second generation TKI nilotinib, dasatinib, and ponatinib have recently raised critical concerns [2, 3, 4] . Another tyrosine kinase, the Discoidin Domain Receptor 1, has been identified as a major secondary target of these TKI and is now considered one of the mechanisms responsible for the adverse cardiovascular effects observed in TKI-treated CML patients [5] .
We report a case of a patient with CML who developed carotid stenosis while under TKI therapy.
Case report
A 61-years-old male diagnosed in May 2006 with a chronic phase CML firstly received imatinib (600 mg daily) for treatment of his malignancy. In the absence of a satisfactory molecular response associated with osteoarticular pain and digestive disorders, the treatment was changed on December 2008 to the second-generation TKI dasatinib (100 mg daily). In front of a loose of major molecular response associated with significant side effects, nilotinib (200 mg in the morning and 400 mg in the evening) was introduced in December 2010 as a third-line treatment.
The patient did not drink nor smoke, neither had a sedentary lifestyle nor a family history of premature cardiovascular disease, and his SCORE at 10 years was 3%. However, after three and a half years under nilotinib treatment, the patient presented an increase of lipid markers (total cholesterol: 2.7 g/l, norm < 2 g/l; low-density lipoprotein: 1.94 g/l, norm < 1.6 g/l), an hypertension (systolic blood pressure: 152 mmHg; diastolic blood pressure: 85 mmHg), and a weight gain (+5 kg). Taking into account these new cardiovascular risk factors and the possibility of cardiovascular side effects of nilotinib, a first supraaortic trunks doppler ultrasonography was performed in August 2014 and the stenosis percentage of carotid arteries were estimated following the recommendations of the Society of Radiologists in Ultrasound Consensus [6] . This examination detected a hypoechogenous, homogenous, regular patch on the right intern carotid (estimated stenosis of about 10-30%), without hemodynamic effect ( Fig. 1A and B) .
A control examination by doppler ultrasonography performed in May 2015 objectified a stability of the carotid lesions. However, in front of this stenosis associated with non-controlled cardiovascular risk factors, an antiplatelet therapy (aspirin 75 mg daily) as well as an antihypertensive (ramipril 2. (400 mg daily). A third doppler ultrasonography performed in July 2016 found an aggravation of the right intern carotid lesions. The stenosis was around 50% and had hemodynamic consequences, with a velocity of 158 cm/s, a value which is above the threshold of 125 cm/s defined by the European Society of Cardiology [7] (Fig. 1C and D) . Although the patient remained asymptomatic, a control doppler ultrasonography of supra-aortic arteries performed in February 2017 found a right intern carotid stenosis of about 70% with a velocity of 190 cm/s ( Fig. 1E and F) . This observation was confirmed by an angioscanner in June 2017 which found a right intern carotid stenosis of 70% with a hypodensity patch. This constituted an indication for an endarterectomy which was performed in January 2018.
Since the surgical intervention, all control doppler ultrasonographies of the carotids objectified no significant stenosis, with good velocities. Besides, in front of a major molecular response with undetectable BCR-ABL transcript since late 2015, bosutinib has been discontinued in May 2018 and the patient is since closely monitored with a bimonthly quantification of the BCR-ABL transcript.
Discussion and conclusions
Tyrosine kinase inhibitors target the oncogene BCR-ABL and are the gold standard for the treatment of CML. However, tyrosine kinases are ubiquitous proteins and, as a consequence, TKI have several adverse effects that could be attributed to the inhibition of tyrosine kinases other than BCR-ABL. Especially, the Discoidin Domain Receptor 1, responsible for the activation of cellular processes such as adhesion, migration, differentiation or cytokine production in response to the E and F) . The thrombosis of right intern carotid was estimated at around 10-30% at first examination (A), evolved to almost 50% after one year (C), then progressed to 70% (E), which was the indication for a surgical intervention. If this stenosis had no consequences on flow velocity at first discovery (75 cm/s, B), it rapidly evolved to an increase of this parameter above the pathological threshold of 125 cm/s (158 cm/s at 50% stenosis, D, and 190 cm/s at 70% stenosis, F).
binding to extracellular collagen [8] , has been demonstrated to be specifically inhibited by nilotinib, ponatinib, and to a lesser extent by dasatinib, but not by other TKI [5, 9] . Accordingly, nilotinib is able to activate the vascular endothelium and to potentiate thrombus growth and stability over time [10] . These effects are not seen with imatinib and are reduced after exposure to dasatinib, suggesting a unique prothrombotic effect of nilotinib as compared to other TKI [10] .
We report here the case of a CML patient treated for almost five years with nilotinib and diagnosed with a carotid stenosis which necessitated an endarterectomy. Very few descriptions of TKI-associated carotid stenosis are available and only few reports evaluated the incidence of supra-aortic vascular events in CML patients treated with nilotinib. For example, although it remains possible that the outcome of carotid stenosis was underestimated since the authors considered only severe lesions (stenosis > 70%), none of the cardiovascular events (overall incidence of 9%) reported in a follow-up study of 63 patients receiving nilotinib involved carotid or vertebral artery [3] . Likewise, a similar study following 73 patients receiving nilotinib reported an overall incidence of 15% of cardiovascular events, among which only two involved carotid arteries [4] .
Nilotinib is not likely the single risk factor responsible for the development of carotid stenosis in our patient and we cannot exclude that pre-existing risk factors also contributed to this pathology. Indeed, it has already been shown that concomitant conventional cardiovascular risk factors increase the onset frequency of vascular events in TKItreated patients [4, 10, 11] . On the opposite, the only presence of vascular risk factors cannot fully explain the development of these lesions. Especially, their aggravation despite the setup of an appropriate protective treatment (i.e. aspirin) is in favor of a nilotinib, and to a lesser extent dasatinib, involvement. Likewise, if previous reports evidenced that the incidence of cardiovascular adverse effects is reduced with bosutinib as compared to nilotinib or dasatinib [2] , it remains possible that the aggravation of carotid stenosis in our patient originated in part from the use of this TKI for CML treatment.
In conclusion, the development of atheroma and carotid stenosis in our patient most probably originated from the combination of pre-existing cardiovascular risk factors and TKI therapy, suggesting it would be beneficial for these patients to perform a systematic and regular ultrasonography control of carotid arteries. The European LeukemiaNet network recently recommended a measurement of the ankle-brachial index or a duplex ultrasonography to assess asymptomatic peripheral arterial occlusive disease every 6-12 months in patients treated with nilotinib or ponatinib over 65 years or with cardiovascular risk factors [9] . Thus, if recommendations for preventive evaluation of cardiovascular events are emerging, carotid involvement remains insufficiently documented in this context and further long-term prospective studies of TKIs cardiovascular adverse effects are needed to validate these recommendations.
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